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CHAPTER 3

ELECTRON DENSITY ENHANCEMENTS IN THE F REGION
BENEATH THE MAGNETOSPHERIC CUSP
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Electron Densit~’ Enhancement s in the F Region
Beneath the Magnetosp heric Cusp
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flte ’ , i u_ u_ m re ut t ert ts for s u_Id h .1 sIu _ i u_ is Its u_loung th Is sue u_ iI ss_ ’Uss ltu _ ’st I m gtur t’s l a — I l  ~ht ms~ s i s Is I s  2 ;m . ms su_ - s res_ ’cmrch ’ u_I het us ecu Dc- -
s . i r b d m uls u_ u_ _ i s .  u_ ’f , i ue m ,m ul ng sate llite d,ii.i m,’ i i t  i tt m m clil’s t he u _ l u _ b , t i t -  ceustht’r ‘4 ,t r ru f 1)es_-eusther 21 , IV ’ I - I’lect mout s_f t ’ utsuti t ’s u_ mht aii’uu_’u_f
l i lat us e u _ le s s _ r i  pCi u_mit it I’ ,i ii mr rsssu .t it s_f l,m ill u _ mu _ f ) r t t  Ils u .urs i rug ( c u _b— Irs _ mu t t mc m tt u _m g rs l mi s  gt-utc r i lu’s_f iss I he I opside sd-m u nu_Iu,’r on bc- ma ru_f
I tire ‘5% e .i Ise t es ,im tt rite the .u It ml t uu_ Ie u_lcpen u_Ieut ct’ u_ ’f to ps mu_ Ic the s m !  el lilt’ .i re plu mt t cu_f u_ is .t Iii iic t i~~fl u _tm I’ (‘(i I fm - mr the eight
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itse lf 1- lect ru_ mit u_ fe r tsr t s  u .t lties It ’ss lhst ut I 02 el c us t tm ,i re m mc ml
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5 m m ,  l u _ u _ I  ‘s’s15 ‘sI m ’ - i ’ i i i u _ ’ I R t u _ - i m ’ ’ . t \ m s s s , l s i I ’ - i s  H m ’ s m r i i i  m u m  u _ i  ~~

I , m t i t s u _ s _ t ,’s du _ m n i i u g  t en s  qu_ miet lA p - It m I n m_ igi tctu _ ssp hcric ,‘s iru s_ I i-  s_ f cnus r i u ‘u _ u _ u i ’  ,ut th e s .uiirc 1_ i tmImi s _ It- .ii ,ulI lt u_’i~u_’his I hr ii i,

I , ’ l l s  ni the I)em,’ciitt’er IV ’ I pc riu_ ud mutum uru m us hi cl m ,ippvu_ irs I u _ ms t eq us ti u_ m r i t _ u r u _f u_ mt the ( R I  1)1 ftc
‘S II  s i t  u_m I’ nhcsc p.uss cs ,‘u _ u _ u i  ree l u_u ith imu the lu _ m t sgu u m im ic sp _ u_ ru u _ , mi il cs fl .irn,ssu Ci , ulr u _ l  deeper ,b i higher heig hts . aut ct lcs_ ’t u_s ft i s_ f t

I t s  ‘r h  - su herc the u _ u _ si is.’. red geu_ sm n u_ ug i u c t i s _’ l u _ t tm tu u _ Ies  lii,’ .t p- IS itu,tst ~ iu _ ’ l i u _ 5 U i t s _’Cd ,b t the s ,it cllite heig ht Isec I ig u_ mues I.~ Il’,
pl u _ ’s. l nt m,t t e ls. ‘5- ’ lu _ mit er t h ,uim th emn s_’u_ mr r e spu _s iuu_ l i n ng geu_ ig r_ u~mhis ’ li’, If , , ut mu_I lu_ i, mes t’ s ccI isu ’ ls “si m lu ’ th,it the s ’ u m ,m r s_ I i~i , t ics mit I i~tu _ u _ r e
I ,u t i t u u _ tu_’’ t h u_is at ‘5’”  I, u _ I  lth e es.pt’s_’ tu ’ u_ I la t i t u_m s_ lc u_ s i  the u_ u_ is p sIitt mI , m l g r , i s _ t i c nmts l’i u _ s r u i  45 1) l u_ s VS i l  lu _ ui , sehnI ~ ,IC 14l*t kruu

u _ lu _ i li t’ ,uu ,mc ii etic ,i l ls quiet l tm c r l u _m t ts I , , i , i l cu _ u l , u i nu _mits l u_ m r s I ”  gcu s - p l,t i~~,u ,m u _ s _ c u r s  nn e, ir ‘5 ))” ( ( ~I IsCe I Iguimes lu_ i , I!’, Id , ,unm s_ I Ii 1
gi ,u phi s_ - lat i tude s hu_ msu_ lh,ul suiirise du_ ’u_’s i ts_ m t u_ m u_ c n n  i’mu_’Iu _ msu .u I ic im i t ’ 2 lts mp , uttmdu _ fle , u_ i its _ I h u_m t t ,m u t u 1 nep ru _ m s _ f t m s _’cs spcs_ ’ t t u _ ’
heig ht u_ s t  ‘t X l  u_knit u_ Ius i  I rt ut  l)es_ ’ ruti hu_’r sO lst icu ’  ,,u_ s i i , I , i iu_ s i i s  t he  u,,’ i ,s iu is gc r t c na te s_ f t’r u smtu u_ l.ut,i g m i hc ic s _ f  hs the su_ m t l  jtm _ ur t ms _’ lc ‘pu’s_’-

7 ‘ u_ f , i s ” i u _ t u _’ ’ h ig h- I_ t l i t iu s _ le  I negi u_ s im hc mme ,uth the c u s p  I’, lit t it ls  trs _ i utt ete r ,,‘ , i t u i cd f-ms Is is  I (II is! s :ssr ,u_’ / ru_Jm p r  IV ’2 l  1 hcse p , i l r u _  Ii.’
u _, i s u’ is lieu’ u_ s t  s u_ m l, i r pr c ’s_I u_ u s _’ t ms_ mi u  ctl’u’s_’ts ,is murik ’hi c u e n ftc nr mc . is t urent me isI ’ uuere r u r ,ms _ i e sm ri tu _ m l t_ uru e s_i us ls u_C i tt the 1u _ ’ ps iclc

e’,isc.’ied t,m u_ ’u_ ’~ uir mm the ru,mi i heri m t meist isp hem e su_m u_ m i td m i t g s  thu _ i t  lu’s_ i lu_ s the d es _ I r s _m u  s_ ICui s iile s sIt u_su e it ri 1 ~‘ m e ’ -

‘u _ i l  s s i i Is i . i i t u_f l i5~ s_ - h,ur,ts _’ter ,’u _ t iu _- u_s t these l , t t mtu _ ms _ l i rn , i I  d e s _ m u_ m n I,, l~ , ,irnd lu _ u , respct’lisels Nu_ mte thu _ ut the ,‘c mc m ns _ iuim.utc’ mis I i~~.im u_’

dem ts u t ~ pnu_ mf i l es is  ihe rcimi,irk,ul ’mle u_ ’,’ i l s i s t u _ ’li,u_ u_ s t  the te,ulmu m c ’s 2 ~nc lm’g tele s_’ t r u _ m r m e m s en u_ i s 1 in eIu’~t r  u_ s ir u _ s il ts ,i it u_f ,imu _ .u r m,m u r t

,s~’st.i u _ e u _f  “S t u _ l I  hcmg hts ihere u s  ,i ,,,‘u_ ’ i iu ’ r , m I tu ’ r i u _ Is _’ii.s lu _ s r the I, i t mtu_m s_ le , ,%. u_ t i l l e rs  i r u _ s itt 4, t i l  Its it’s’, th. urs ~
‘ 

~( i u _ I  t’seiitg i ii. ’

I ,u_ ~itu _ i s _liit ,ul cl ,ls_ Iieutt ut e l ec t ru _ m u m dt’nt s i t s  to I’m,’ srit,t l l ‘u_ mp t u _ ’ ,tbou _ m t ling e r 1 u _ mt t h e Iaiuu s_ Ies u_ mt the (‘RI 1)1 u_ fe pi , l t’u_i in I s_- m u r u _’ I
‘ u, ; I - u_ s Itu_-ru’ ,u ituore ‘e u_ c rc de plcin c mrt t’t cg mits t he  elec t rs _m i t  I hesc specu rs mgr al r rs  ,ure nepi o s_ lu_i ce s_f here it tim the l it t u i tcd pu_m r

deiu si i u_ ns,’,m. ’hes ,u r t u in i i t t tmni t  ,ut — ‘4 ’  5 ( u _ I - pu_ s lt ’ss ,mn d u_ s i tu_h ic h p5ms e 5 ’i ; u _ Iiust ) i lg  u_ mu_ i t  ~It  the cs _’tu cr,ul ,‘,s , i i u _, l s _ lc i t u_,’t’ u_ SI pa r u i s _ ’le
thy s e r s  s tt ’ep st _ ill u_ s t  iu _ ’Iii ,’ , i l i u _ ’ll ,Ippc. u i s  t h,u t is. i u_ ’ he , i s s u _ ’ Imm cs_ ’ip m t ,u tmc m mi u_s rIb th u ’ u_ m lm s er su ’ u _ i eIc,’ lrt mi n s_ Icr ts i t s  er rh .i ut s _ ettt u ’ umts
u _ i . ) I eu_l us mt h ihe i t tu_ s g r mcmu _ m s h u ’ _ u t h  t’ _ i r i m c le s  u_ s hich im res_ ’lp ) iu_ uie II huiim ’A e”, I V ’ ts , ~“~h ’p hm’rJ .‘z u_i l - I V ’ imEsI ,tru s_I 11) tIm e kind u_ mt

t hr u_ sug h the s_’im s 1m s )h i~ s ’s e r,uII c lens it u - u _  c rsu_ m s -  l , i t i t u _ i s _ fe p. itte nn ls ,urt id lt’s nt’spu_m iusi l’s lu’ lu _ mn th u’ I ,utten Re I’ rcsc imt ut i t  e e lcs _ t nu _’nm
h_ us sc s tt mt’i i mires 1-meert • t i l t ’st ,i s_f m ’ , ‘ us_ f e Ins ’ u_ m g h ( II il_bits_mit t i  u_il , etmeng mu’s ‘ccii mit t he spem,’l i u_ mg n ,s it t ’ ,i me ,m less I t u _ i its_ I ru’s_ I cIt’s _ I n ’ ii
IV ” 111 iii ,uut .tl , ’u_ is t5 m tht’ beitet kr u u _ ’su ir ‘high i t t is _ f- l . i i i tm mde u_ u _ m l t s arid the lItms. es ,mre ,i lest Imi ut c s 10’ diii’ s sr I he •‘u_m i tt rihu_i-

( u t _ u n 1 el e s.t ru_ sru u_lu ’ imsi ts. t r s _ mug h’ t tt ,il ,m t i s .’ur ,uppc_ urs u_m it the I lu_ mit Ic ’S ,‘ reg lstl m iu_ m m r l t i t i u _ ’it fss the su_ m t l  I ‘_ I I - u_ c ’s 1 prc ’tc s ir s_ ’ u_ ’ii i

1_ i t i tu _ mu _l i r u _ u l prs _ mIuI s _’s u_ mi ’ e les’t rc ’it t e i t s i u s  u_ ’n s ul t r I er iti g hts Itm s iniemrl iii the pres_ ’ ip i i_ l i ln r g ttm l ,msri l . i  is, ni, st _ upp ncs _’i_ uhIe ‘u _ I t s / s

I itt ire I ,ul sc m s I t u_itt s ‘Cs d r .u ~
‘ .s s pc s _ l s  u_ s t  the ,iltil u_ l u_ Ic depeni - It. i-u_ i ~-i u_ is - I

s_ feiis, t’ u_ s t lhc ( ‘RI 1)1 ,nru_l , is n ’ u_ i _ u t s _’cl it’,it~ iy u_’ s \c sie , (u_ s i e r- lit ,tc f s _ j i t iu _ i im it ’ t ite sm s. I , itmtus _ l i r t ,t I l ’ ,  s_’c m it t plcte satel l i te passes
,iittp lt’. t hu _ it the u_ m mtset  u_ s i the Im ni1i l,u i i tu_ u s_ le eri l t_uiu s_-t ’ r t t eimt mu ‘s hu_ ms.s it m it I- ugum rc I there su e me _i it _ ts _1 u _ l i tm u _siuut l rtirm u_ ’ p,issc s mm

INV. LAT 7~~, D .S ,5 ‘7 .6 79.3 80.~ 80.6 79,8
it, uá,u , i~~~’i iiij  n%-~ -

~~~~~~~~~~~ 
‘
~~;

INV, LAT, 72,8 75.2 77 . 3 79.2 80,~ 81.0 80.5 79,3 77,~
- 

-i* ’, m~~,i nb,u , irl’i iii., i~~.u , ~uli.. ~~
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INV, EM. 7O,~ 73,2 75.7 77,9 80.0 81.7 82 ,7 82u _ 8
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qu 7 I eu_ I u s ’’ ’ m pcdtrc ’gn .unus ejer is eu_I ii ,‘ri m el .tt,u ,mfs i ,i I ri eu_ l ii’, tim e’ su_ s i l  t’.ir is le mpcs_ ’ un u _ ’ i imctiu _’i ~u_f ’~’~i ru_ I Isis 7 1 he’ Is s_’ hci
l i m e s  ,iu, ’ u_ uiuc f ‘‘5”  mrmu.m , i ,~ m l l_uu m it ud c l r lu_ I ls_ ’ ,ur ( ) ‘ 5 IC’di i S In ,ui i l m ui u_ Iii5~ C iCu_ ’ i r u _ ’sim I Nt’ p_ uri i s _’IC list ’,m ’ i l re nre’ i rrs utm, ’ u _ , r s  iii ifuc i u _ 5) 5

in, u_Id le - a nd f’m u_ ’i tu_s n i spes.’tr u_s~ ramm cm err umI’ iu_ui fl u’s _ i ‘ umnuu jl ta i te ’ c m u_i st ’ , - us ith I he e’Ie’u_’ t rs miu u_Ic it mi tu s .ul dies sf s emus in mit I ig u_ n,’-, 2 I 5
-

,uu’ u_ f l u_ a , reupes.t ise ls
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4’isli (‘ mi s s  p u _ cm u ts um ‘ 5 tu ’ s t m t m iii I’ Rie . iu _ u i ’. I ‘ s ims ’s u_ i ’ s - - ’u _ i s  Ku s i tu iu  i mmu ( 1  su’

Decembe r f~)7I for ushtch kp u_ u_ as I hut for ushich the i” : ‘5 
- , 

r- - - 5 r -

latitu de cos-erage usas incomp lete. In each case , hu_ m us es e r, a , , 
- 

‘ . s~
’
~~~u_~ - S

u_,ii~ -

clear identificat ion of the onset latitude u_ sf cusp-related ekc- ,
‘ 

‘5
trs.sn u_ lc ts ’ ,it ’s enhancements could he ntade & su ng thus prom- ‘ 

, N
inent feature, use shifted aH i~ passes su~h that the (‘RFI)} “
onru_CI latitudes u_ mere aligned at their average latitude s_m i 75 5° 

‘
((i l The data were then averaged h~ using ~

° latitude in- ‘‘~ , -
crensents The results , given in Figure 3, describe the average :‘ - , 

‘ 
7

.% ,f h) scrsus latitude profiles for w inter nu_ s_ s nttn ie Ioit.Ap cu_ t n- ‘
~ ‘

duti u_ m ns ,iCCts’,i. t he hugh-lat itude region beneath the cusp. iu _ - ‘
~ f ‘

the as-crage results s_sf Figure 3 present- c all u_ Sf the character- ~~
. 

‘ - ,u_ - u _

ist ic features u_m f the individual passes shu_ mit n itt Figure I, in 
-, ‘ 

~~
‘ 

‘ - 
- , ‘

particu lar , t he attitude dependence of th~ ekcl ru_ mr u Jensuii~s in 
I -

t hu’ s a rts _ mu s latitude tegnuerits, The average heh,ts mu _ mr u_ mi h,,,,. f i g  4 the eithancu’nuent fac ts_ s r r ( ‘ 5 ,,,, - ‘s ,,,,l ~u_ ,,,, , u_i ’, u_u
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CHAPTER 4

THE EQUATORWA RD EDGE OF THE DIFFUSE AURORA AND THE POLEWARD WALL
OF THE “IN ELECTRON DENSITY TROUGH : CASE STUDY INVESTIGATIONS

We found ten ISIS-2 passes in December 1971 for  which DMS P

images were availab le in near s imultanei ty. Values of the

indices and AE (hourly maximum) shown in Table 4.1 indicate

that passes during periods of relative magnetic quiet predominate

the set of available December 1971 case-study events [Mendillo

- 
C and Chacko , 19771 . The approx imate UT at which the satellite

crossed the 65°N corrected geomagnetic latitude on the night side

is used to identify the pass. Note that the pairs of nominally

simultaneous passes range from one with AT = —8 minutes (i.e.,
ISIS-2 crossed 65°N CCL on the night side 8 minutes ahead of the

DMSP satellite) to one with AT +40 minutes. For all ten cases,

the local time period sampled by both satellites was 2230 -0130

hours .

Table 4.1 shows the poleward wall of the trough always equa-

torward of the equatorward edge (latitude 
~~ 

of the diffuse

aurora as seen on the DMSP images. The mean separation between

the foot of the poleward wall and the auroral boundary is 4.7~

w h i l e  tha t  be tween the peak of the wal l  and ‘
~a 

is 2.4°, the

standard deviations being 1.2° and 1.10 respectively . In sum-

mary , Tab le 4.1 shows tha t  the separation (A ~~) be tween the

trough ’s poleward wall ~~~~~ and the equatorward edge of the

continuous aurora 
~~~ 

as monitored by the DMSP technique is, on

_______ -~~~~~~~~~~~~~~ ‘-
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the average , 3½ degrees. This separat~,on is somewhat larger than

that found in Chapter 2 where long—term auroral statistics were

compared with the “Base-Level Trough ” .

Be low we examine several of the “ case study ” events in de-

tail. The first event offers the most well-defined examples of

both DMS P and ISIS 2 observations among the ten near-simultaneous

event9 examined . The third event comprises two sets of successive

passes of each satellite. The second case represents a period in

which extensive and co— ordinated observations on several re lated

phenomena in the night-time ionosphere have been reported [eg.

Whalen et al . ,  1977; Pike et a l . ,  1977; Webe r et a l . ,  1977 )

December 21, 1971
DMSP pass at 0605 UT , ISIS 2 pass at 0551 UT ,
K = 1 , A E= 5 6 .p

Although the K~ and AE indices indicate near-quiet conditions

(and the most recent substorm had a 500y (AE) intensity and had

completely recovered by 2300 UT on December 20, 1971), exantina-

tion of individual magne togranis revealed recurrent magnetic

perturbations between 0520 and 0700 UT at Fort Churchill. The

DMSP image (Figure 4.2) shows quiet auroral arcs apparently em-

bedded in the di f f use aurora whose equatorward edge more or less

closely follows the 680 CGL curve. The DMSP image covers the

magnetic local time range 2300 to 0100 hrs. The ISIS 2 u rack

appears close to the left hand edge of the photograph (see Figure

4.4) where the Van Rhijn effect introduces an element of uncer-

tainty into the determination of the diffuse aurora’s equator-

ward boundary 
~4’a~~ 

However, in the mi dd le region of the image ,
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F I G U R E  4 . 3  P o l a r  v i e w  of n o r t h e r n  h e m i s p h e r e  w i t h  qu ,’o~i ra p h ic
coord i n a t e s  p l o t t e d  i n  C o r r e c t e d  G e o m aq n c t i c
C o o r d i n a t e s .  t on o s on d e  s ta t i on s ( -.) and  TEC o b ser v i n q
s i ti ’s ( A )  u s e d  i n  “ cast ’ s t u d y  even ts ” a ro  i n d i c a t e d .
C o r r e c t e d  Geomagne  t i c  L a t i t ud e s  ( C G L )  a p p e a r  as
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21 Dec. 1971
06 UT.

ISIS PASS
~~ ililnIIIlH 6DMSP $~~~~

‘
CCL

0: f.F2 (MHz) A~~OO &TEC UNITS

IONOSONDES 1012 el/cm2

FIGURE 4,4 North polar view in CGL s h o w i n g  the l o c a t i o n  of
near—simul taneous ISIS and DMSP satellite data
for 0600 UT on 21 Decembe r 1971. Ground-based
foF2 values and TEC da ta at 0600 UT from the 

—

network shown in Figure 4.3 are presented using

integer valu es.

LI 
-
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i t  is possible to locate the equatorward edqe of the  d i f f u s e

a u ror a  unam b iquous ly at 
~ ~ 

68 0 c ;r, and i t is qui  to u n l i k e l y

I Lu! and ~~n L T er  1973; :\ k u _ i s O f U  19741 t hat  the di  f f u s~’ auro ra  s h o u l d

d ev i a te  t .o a si u _
~inificantly d iffe ’t’cnt p o s i t io n  at  22 00  LT.

The IS 1S 2 tops i s_ ls _~ e lect ron dens i ty s _ l u _ it a i’evca 1 a very  we 1 1— -

s_ Ic t i ncs _ l  ma i n  t ro us_ ih  w i t h  2 MJL z  for- ’2 va lue s t roni - ~ ~~~° to - 
5 0

Ci~L and u _ i s ha rp  enhancement  of ioni  ~a t ion  ( lol-’ 2 = 2 -~ MU ~‘~l at  i t s

p0 1 ow,u’d w u _ i  ii e Xt  efld i ns _j f rent 63° CCL t o  - 6 ~~~° C~~1 .  (See Fiqure

4 . 4) • The IS IS topside e lt ’~~t i o n  d e n s i t y  r e s u l t s  summari  :ed i n

Tab Ic 4 . I we re oh t a j ned us i nq t he iii qhest lu_ it! tude i’oso I i t t  ion

av aj  lab le  (~ 2 30 ) • ~~ 
F i c m i- e 3. 4 and subsequent  compos i te  t~ i qu r o s ,

i t  was  not  poss ib Ic to show such  a h i  qh 1 u _ i t -  i t  us_h ’ i esol ut  ion i n

the  f s _ ’ 1-’ 2 s_Ia t a . 7is iuu_ iy be see ii I rorn the  tab u 1 a t  s_ id I S IS s_ la t a

sca t  i nqs i n T a b l e  4 . I , t h e  t oot of the po Iowa i s _ i  w a i l  appea i ’s

4 , i~~ and t~ he t op -~ , 1~~ po lew ar s_ l  of the  e qu a t o t w ~ird es_ is_ ic of the

s_ li t use a u t o  r.i ( a s  m on t  t o  l Os _ I 1w t ito DM51’ sate  11 i t t ’ - The u_ iccu—

L , i s _ ’\’ of  the tat i tus_le sc u_ il i fls_ i
~~~ 

is  ~~~~~ f o r  the t)~lSP iui u_ is _ ios and ‘~1
”

OF the IS iS ‘ s_ ’l es_’t ron s_lens i t  105 - i t  i S  Clt5’u _ lt t hu_ it t h e  s_ ’t ’Ss_ ’t ’ \ ’Os_ l  
-

ss_ ’pa t at i o n  between th e s_ Ij f fuse u _ tut - s_ ’ra i DM SP ) u_ ins _ I t h-,’ t’o h’wu_trs_ I

w a l l  of t he  m a i n  e l e c t r on s _ Is _’ f l S i t  t t’ou s_ i h is physica l I s i s _ m n i  I

es_m t

~ i y en the ohs&’ i ’V( ’s_ l ~\ ~ at  the  I S IS s u b — ~; u _ t t  e 1 1 i t o  I ocat  i o n ,

We WO i ’e i n t e res t e d  i n s_ Ic terr~ti n i nq the lonq i t  tid i n a l  s _ ’  i lo c al

t i m e ) cons is t e n cv  of the soparat ion over the req i o n  co\’t ’x ’ cd b

the t~MS P phot os_ i  t u_ iph , and i ndeed hs_ ’yons _ l  . Tb i s is n ot  u_ i  s i 111~~~ i t ’
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question to answe r since no F-region monitor ing technique can

provide ISIS-type latitude resolution at points to the east and

west of a g i v e n  ISIS pass. We turned to the ground_baacd network

of ionosonde s i tes  (v ia  WDC-A’ and to the AFGL c h a i n  ot t o t a l

electron content (TEC) observing s t a t i ons  ( cour tesy  of J .  A.

Kiobuchar)  fo r  suppor t ing  data to es t imate  the s p a t i a l  consis-

tency of the t r o ugh ’ s location away from the ISIS longi tude .

F i s_ l u r t’ 4 . 3  shows the ne twork of 24 ionosondes and the  4 TEC

s i t es  used in  the  s t u d y .
*5

In  Figure 4.4, a composite view i s presen ted of the DMSP

au r o r u _ i l boundary in r e lat i o n  to ISIS  tops is_ It’ soundet foF,! values,
- _‘ ‘~

S bottoms ide foF 2 s_ lo t  a and so t o ll !  to beacon observat ions  of TEC

for 0t~00 UT on 21 Decembe r 1971. For this case , the ISI S pass

occurred  s eve ra l  s_ l es _ i rees to the west o h  the DMSP t ie is_ I of view .

As show n in  Tab le 4 . 1 , the t oct ot~ the t r ou s_ i h ‘ s po leward wall

(s _ i t the is is pass ion s_ i l tude ) is about  40 e s _ iu a t o r w a r s_ I  o t~ in  - ‘

the DMSP phot s_ ’mqraph . The on 1 ionosonde S tot i on  furnishi ns_ 1 foF2

s_ Iota wi thin the DMSP t i e  Is_ I of view (I .e . , Churchill) show s f o F 2 =

4MH z , u _ i v a lue  cons i stent w i th its los_’u_ i t ion Wi thin the po lewars _ l

w a i l  (as s_Ic fined lu_ v the  1 ST S  s _ l u _ i t o  f u r t he r  to  t be we st  ) . t-’o’t

req ions to  the eas t  ot  the IJMS P s _ lu _ i t u _ i , u_i t rough .i n toF,! at~ 2MHz~
1’ )

and in  TEC (u _ m t - 3 ”u_ 10 ~e 1 cni ) appears  a t on s_ i  t h e  6O~ CCL l i n e . Thus ,

t h r o u g h o u t  the  N o r t h  An~~ r i o u _ i t t  s ect  oi , the i onosons_ le and TEC dat a

support the lo ca 1 t ime cc ti s i ste ncy of ~\ u_~ 4° w i t h i n  (and se ‘s_ ’e ra 1

hours 
, 
to the eu_ i st o f )  the PMS P f I t ’ is_ I of “j ew . I n tact , u_i trough

m i n i m u m  of foP.! ‘ .i NtH: near t~0°CCL may be in f e r i ’ e s_ l  to ‘-10 from the
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ISIS sub—sate l l i t e  track (pre -midn igh t)  to the west European

(pre—dawn) sector. -

December 9, 1971
DMSP pass at 0546 UT, ISIS 2 pass at 0612 UT,

= 3— -*lo, AE = 119”50

The auroral activity in the midnigh t sector during this

period has been well-documented by air-borne all sky camera

photographs [Whalen et al, 1977j . The DMSP and ISIS-2 observa-

tions comprising this event were made during a quiet interval

between two substorms that differed greatly in their magnetic

and ionospheric signatures [Whalen et al, 19771 . Figure 4.5

reproduces the DNSP image with an overlay of geographic co—ordi--

nates projected to 100 km al ti tude . Figure 4 .6  is a composite

) 
representation, in corrected geomagnetic co—ordinates , of the

equatorward edge of the diffuse aurora , topside sounde r foF2

values along the isiS—2 track , and ground-based fo1~’2 data and

TEC observations from the network of stations depicted in Figure

4.3. The foot of the poleward wall of the trough appears 6.3°

lower in latitude than the equatorward edge of the diffuse (DNSP)

aurora. Along the ISIS sub—satellite track (which in this case

falls within the DMSP field of view) the separation between the

top of the poleward wall and the arroral boundary is found to be

3~~3
0~ The ionosonde stations immediately to the east show foF2~

k 5MHz to the north of and foF2 2 MHz equatorward of

Looking f u r t h e r  to the east , ionosondes po leward of 
~a give foF2

in the 5-6 MHz , again typical of poleward wa l l  values , whi le

sites equatorward of show foF2 values more typical of the

trough minimum (i.e., foF2 2-3 MHz). The trough in TEC has its
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minimum near 60°, with 3 x 1012 el/cm2 consistent with a 2 MHz

— 
- peak. In fixing the trough minimum at --2 Mh z near 600, no incon-

sistency is found within the DMSP field of view , and indeed as

far to the east as the western European foF2 stations in the

predawn sector .

The history of the continuous (\‘ diffuse) aurora in the

0000-1200 UT period on December 9, 1971 has been documented by

Whalen et al, 119771 . They find rapid and extensive latitudinal

motions of both the equatorward and poleward boundaries of the

cont inuous aurora —-an observation somewhat at odds with the

relative stability of ditfuse auroras advanced in earlier studies

ILui and Anger , 1973; Akasofu , 19741 . Note thz~t the differences

between the idiffuse i aurora (IS1S—2 scanning photometer) and

the diffuse auroral emissions seen on the DMSP images (4,500 -

11,000 g) may be more significant than commonly assumed.

December 11, 1971: Two sets of consecutive passes
DMSP pass at 0655 UT, ISIS 2 pass at 0725 liT, 0,
AE = 32 29; DMSP pass at 0837 UT, ISIS 2 pass at
0917 UT, = 0 1, AE = 23 38.

Figures 4.7 and 4.8, together with Figures 4.9 and 4.10,

represent two sets of DMSP/ISIS data t:rom successive passes

during an interval of very minor and apparently localized magnetic

activity . Very faint suggestions of magnetic disturbance seen at

‘t 0930 UT at College and Fort Churchill occur ‘s_ . 13 minutes after

the second of the satellites (ISIS 2) has  traversed the night s ide

auroral latitudes. Wh ile the two sets of s a t e l l i t e  observations

may be broadly cat eqori zed as quiet—time finding s, it is u _ u sc 
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clear that magnetic activity was slowly on the ascendancy during

the UT interval under consideration. The response of the equa-

torward edge of the diffuse aurora to increasing magnetic activ-

ity in this instance appears to be a significant poleward migra-

tion: from 67.0°CGL (0655 UT) to 69.20CGL (0837 UT). It is also

interesting to note that as the equatorward auroral boundary

moves poleward , so does the poleward wall of the trough , and by

about the same amount (See table 4.1).

The trough and its poleward wall are not as well defined in

these two instances as they were in the December 9 and 21 cases.

Table 4.1 summarizes the trough features at the ISIS longitudes ,

and Figures 4.8 and 4.10 present “instantaneous ” composite plots

of the DMSP/ISIS/ground-based observations . Using a worst-case

approach , the poleward walls may be located at (61.6 - 63.8)°CGL 
-
-

during the 0725 UT pass and at (63.5 - 66.2)°CGL during the 0917

UT pass. Correspondingly , the equatorward edges of the diffuse

aurora (P a) are (5.4 to 3.2) degrees and (5.7 to 3.0) degrees

respectively, poleward of the trough ’s poleward wall.

In both cases , the ISIS pass occurred to the west of the

DMSP image . At 7 UT (Fig 4.8), a trough minimum with foF2 ‘- 2 MHz

near 60°CGL at the satellite track, and a poleward wall with

foF2 3 MHz , appears to be a consistent feature as monitored by

the ionospheric stations within and to the east of the DMSP field

of view . In figure 4.10, the 9 UT case shows a remarkable consis-

~~ncy between the trough characteristics to the west and east of 
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FIGURE 4.8 North polar view in CGL showing the location of
near—sim ultaneous ISIS and DMSP satellite data
for 0700 UT on 11 December 1971. Ground-based
foF2 values and TEC data at 0700 UT from the
network shown in Figure 4.3 are presented usinq
integer values .
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¶

the DMSP photo. The TEC observations from Thule and Narssarssuaq,

- coupled to the foF2 values from Narssarssuag and St. Johns,
- 

support a poleward wall near 70°CGL from the midnight to dawn

sector .
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DISCUSSION

On the basis of ten events investigated in this study , the

equatorward edge of the diffuse aurora seen on the DMS P images

is not colocated with the poleward wall of the main electron den-

sity trough. Apart from the observation that the auroral boundary

(DMSP) is always found poleward of the trough boundary , no system-

atic relationship between i~~ and magnetic activity (K~ or AE, for

example) could be found . Of course a much larger statistical

sample than contained in the limited number of case studies used

here is needed to establish whether or not a systematic behavior,

does indeed exist.

The spectral range of the DMSP detector spans the 4,500 ~ 
-

11,000 ~ range, with maximum sensitivity at “8,000 ~~; this is not

well-suited for auroral investigations although approximate pro— - 
-

portionality between the visible and DMSP range is believed to

exist [Pike and Whalen 1974] . The diffuse glow seen in the DMSP

images may contain contributions not only from the diffuse aurora

[Lui and Anger , 1973; Whalen et al, 1971; Snyder et al, l974J but

from D-region auroral absorption , unresolved discrete auroras, F—

layer auroras and ground albedo [Whalen et al, 1977] . It is not

possible at this stage to establish detailed physical correspon— —

dences between the auroral displays on the DMSP images and particle

precipitations and hence between the optical images and the parti-

cle—generated electron density gradients. Bates et al [1973] have -

reported several observations of the electron density maximum —

- 

~ 

_ _ _ _ __
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associated with the poleward wall occurring 1 to 2 degrees equa-

torward of the visual aurora . The equatorward transport  of auro-

ral ly produced plasma may be induced by equatorward neutra l  winds ,

as Bates et al suggests or by E x B d r i f t s - - the  la t te r  e f f e c t

presumably be ing present to varying extents at all times.

By far the major portion of the ionizat ion produced by pre-

cipitating particles in the auroral energy range is located below

the F-region peak [Rees 1963; Banks et al , 1974; Mantas and

Walker, l976J and chemical processes rather than vertical diffu-

Sion dominate the evolution of particle-generated ionization.

The main trough is customarily characterized at and above the F-

region peak where in-situ production of ionization by soft (
~ a

few hundred eV) particles maximizes. The particles responsible

for much of the auroral emissions have a harder (1-20 key) spec-

trum. The diffuse aurora seen on the DMSP images and the pole-

ward wall of the main electron density trough are probably gener-

ated by different classes of precipitating particle populations .

The time-scales involved in auroral emissions and F-region

electron density changes are vastly different. While precipita-

tion, excitation and emission are more—or-less concurrent pro—

cesses, accumulation of ionization needs at least a few tens of

minutes to grow to appreciable magnitudes in the auroral iono-

sphere [Chacko and Mendillo, 1977; Whitekker l977J . Transient

precipitation events (those that are not steady in time and space

for at least a few tens of minutes)  could therefore lead to

auroral emissions to be captured on the DMSP images without an 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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accompanying enhancement of electron densities at hmax and above .

Figure 4.11 illustrates schematically the problem of

establishing correspondences among particle precipitations,

auroral emissions and electron densities in the topside ionosphere .

In addi tion to chemical reactions , vertical diffusion, heating ,

E-fields and neutra l winds also influence the redistribution of

auroral ionization . Estimates of the strengths of these complex

processes in the auroral ionosphere should contribute to an

explanation of the apparent lack of spatial correlation observed

between DM5? images and topside electron density features.

LL 
_ _ _ _
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APPENDIX A: hmax

There appears to exist a substantial lack of consistent ob-

servational information regarding the latitudinal variation of

hmax frQm mid- to high latitudes. There are, however , a few in-

dividual stations at which the local time variation of hmax has

been examined closely [e.g. Thomas and Robbins, 1958] . Co-

ordinated observations along a closely—spaced meridian chain of
- 

- 
stations should , in principle, yield data describing the latitu-

dinal variation of hmax~ 
However, on account of the large number

of parameters on which hmax is known to depend (LT, solar zenith

angle, solar cycle, season , neutral winds, magnetic activity—

heating , E-fields, auroral ionization) observations spanning the

entire range of each of these variables are needed to construct

average profiles of hmax as a function of latitude. No such

comprehensive set of observations seems to be available in the

exist ing l i terature.

Figure A-l shows the latitudinal variation of hmax between

40° and 800 CGL for the “base-level” conditions described in

Chapters 2 and 3. In examining this f igure, one should note that

(1) the number of observations on the dayside is much smaller than

that on the nightside , (2) the derived values of hmax are gener-

al ly considered to be less reliable than the Nmax values obtained

from foF2 scalings and (3) the observations were made by a top-

side sounder which usual ly locates hmax up to a few tens of km

higher than a bottomside sounder. H

~

_ _ • • _~~~~~ --- ---~~~~~~ - • _ _ _
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The most striking feature of Figure A-l is perhaps the near—

convergence of the two hmax curves at higher latitudes to a corn

mon value of 300-310 km between ‘~67° and 80° CGL. At midlati-

tudes, the noontime hmax value of \‘250 km is 110 km lower than

the midnight level of “-.360 km. This value of Ahmax is comparable

to the 100 kin diurnal variation commonly quoted (Rishbeth and

Garriott , 1969) . The convergence to a common level at high lati-

tudes is achieved by lowering on the nightside and raising on the

dayside of hmax levels by equal amounts of “-.50 km. This transition

occurs between ‘~.~55° and 65° CGL at both noon and midnight. Note

that this CGL range encompasses the minimum of the main electron

• density trough on the ni gh tside and the solar-zenith-angle con-

trolled rapid drop in electron density on the dayside [Mendillo

and Chacko , 1977; Chacko and Meridillo 1977; see Chapters 2 and 3]

If the functional re lationship of hmax with the various var-

iables on which it depends can be established, either from model

calculations or empirically , the base-level hinax behavior shown

in Figure A-i can be used to generate estimated hmax variations

under other conditions. Figure A-2 shows the latitudinal behavior

of Itmax under geophysical conditions similar to those pertaining

to Figure A-i, except for a higher mean value of 3.5. Note

• that the noon hrnax pattern remains essentially unaltered up to
,~,7ØO CGL, beyond which the values continue to rise. Near mid-

night , however , an enhancement of from 0.5 to 3.5 results in a

raising of the ~~~~ level by “-.20 km at midlatitudes.

_ _  
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APPENDIX B: THE TROUGH DURING DISTURBED PERIODS.

Figure B-i shows the counterpart of Figure 2.4 for a

value of 3.5. Eleven satellite passes between December 6 and 27 ,

- ‘ 1971 contributed to this average trough pattern near local mid-

night during disturbed periods in the middle of winter. Table B-i

lists the co-ordinates of the breakpoints which may be used to

generate the disturbed-period trough pattern shown in Figure B-i.

The pattern at 450 kin may be taken as the description of charac-

teristic features of the disturbed trough near hmax~ Note that 
-:

at topside heights the trough minimum shows, assuming linearity,

the following K~ - dependence : A T = 60.5 - 1.67 Kr,.
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